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PEG-modified protein molecules characterized by reduced immunogenicity are prepared by covalent modification 
of the protein with PEG employing an active ester intermediate. Antibodies so modified exhibit decreased binding capaci- 
ty for Fc cell surface receptors, are non-toxic and retain full antigen binding activity, and are consequently useful in a var- 
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j PROTEIN MODIFICATION WITH PEG 

RAnrCTornro op top tmvb^ 

1. Pn^lri of _fchft Tn^nHnn 

Diagnostic and therapeutic procedures of the type dependent 
upon iramuno react ion of antibody with a target tissue are frequently 
hampered by both the immunogenic ity of the reagent in clinical 
applications and binding to cell surface Pc receptors. Immune 
response to antibodies and other foreign proteins , characterized 
by both allergic phenomena and inactivation of the protein, 
must be countered by treatment of the protein to obviate stimulation 
of the host immune system while retaining desirable protein 
biologic activity. In addition, it is desirable to increase 
antibody specificity by reduction or elimination of Pc binding 
to cell surface receptors. 

2. Statement nf Rg1*f-*rl 

A variety of protein-modifying procedures has been employed 
to decrease immunogenicity of foreign proteins. In particular, 
suppression of human immunologic response to foreign antibodies 
without destruction of antibody activity has been previously 
accomplished by enzymatic ' digestion of the antibody to cleave 
the Pc fragment of the molecule. The product F(ab)* fragments 
retain binding capacity for antigen and can be coupled with 
a variety of chemicals to provide complexes of low iramunogenicity. 
Protease digestion of antibodies is, however, a slow process 
with low yields, requiring separation of the product fragments. 

A more attractive approach has* been the proposed chemical 
modification of antibodies to provide products having high antigen 
binding capacity, low immunogenicity, and substantially no toxicity. 
Such proposed modifications have been broadly based on the known 
immuno inhibitory effect of hydrophilic polymers such as polyethylene 
glycol (PEG) and polyvinyl alcohol (PVA) on therapeutically 
useful enzymes, cf: J^,b±q3-^ dh^m^ 2A2 - 3578-3586 (1977); 
aiachim. RlQjahv.fl.... A^ta fifin, 293-298 (1981); Clin., 
IfflflliaQj 1 46: 649-652 (1981); Ri^ehim- Blonhva^. Acta S7fl ; 47-53 
(1979); In±^..Aj:e.h^ .Allergy. Apnl-.. .Immunol.- Sfi - 159-170 (1978); 
J^.IamUBQli 1?,fi: 407-413 (1981); and Infc- Arch. Allaray Anal- 
Tmninnfll ■ fi3s 1-13 (1980). The reported modification procedures 
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have not been generally applicable to antibodies, however. 
In an exemplary investigation, reported in P^iaimmunQimaainja 

HpH^lmmun^hetflM, Elsevier Science Publishing Co. New 
York, New York, 1983, a PEG 6000 derivative of rabbit antihuraan 
serum albumin was prepared employing a cyanuric chloride coupling 
procedure successfully employed in the modification of albumin 
With PEG f-T- TA*l.^Chmm^..2S2t 3578-3581, 1977). While the product 
exhibited reduced immunogenicity , loss of avidity for antigen 
was unacceptable (nearly 70% reduction in binding capacity). 
A similar result was obtained in a related study iTi TMllinfll ■ flfifclfflflfi « 
52: 327 (1983), wherein it was concluded that PEG-modif ication 
of Ig mediated with cyanuric chloride destroyed antibody activity. 

ffflMfflBY flf TffB. IMYEBTIQB 

The invention comprises a polyethylene glycol-protein 
derivative, and a method for preparing the derivative in excellent 
yields comprising covalently modifying the protein with polyethylene 
glycol (PEG) employing an active ester intermediate. Derivatized 
antibodies are characterized by retained antigen binding activity, 
low binding capacity for cell surface Pc receptors, reduced 
immunogenicity, good storage stability, and non-toxicity, and 
are useful in conventional immunological techniques such as 
tumor imaging, chemotherapy, radiotherapy, and immunohistochemical 
procedures. It is contemplated that a broad range of diagnostic 
and therapeutic proteins, including monoclonal antibodies and 
enzymes, is modifiable by the process of the invention to provide 
modified proteins having reduced immunogenicity and low non-specific 
biological activity. 
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BRIEF nRfiTKTPTTnw HP TOR n^TWflq 
PIG. 1 represents SDS-disc gel electrophoresis of rabbit 
anti-conalbumin modified with the N-hydroxy-succinimide ester 
of mPEG succinate. The gels were stained with cooiaassie blue 
and were scanned in a densitometer at 600nm. The numbers in 
the figure correspond to the percentage of mPEG-modif ied amino 
groups. 

PIG. 2 represents immunogenicity of 50 ug rabbit anti-CALB 
given up to Ha/ ICR mice was evaluated using EIA titrations with 
a rabbit anti-mouse IgG-alkaline phosphatase reagent as the 
second step. Time of immunization is indicated with the arrow. 
The anti-rabbit IgG response elicited by unmodified rabbit anti-CALB 
is shown with the triangle. The response elicited PEG-modified 
(18% of amino groups) is shown by the circles. 

PIG. 3 represents effect of nPEG-modif ication on the 
immunogenicity, of rabbit anti-conalbumin. Swiss mice were 
immunized with 50 ^g of antigen in PBS and the antibody response 
was evaluated using an enzyme iramuno- assay. Panel A depicts 
antibody titer 12 days following the primary immunization;* 
Panel B r antibody titer 18 days following the primary immunization 
and three days following the secondary immunization; and Panel 
C, the antibody titer 35 days following the primary immunization 
and 9 days following the tertiary immunization. 

PIG. 4 represents effect of treatment with mPEG modified 
rabbit anti-conalbumin has on. the antibody response to unmodified 
rabbit anti-conalbumin. Swiss mice were either untreated ( ) 
or immunized with 50 jug of nonimmunogenic mPEG ) 5 and 20 
days prior to the immunization with 50 nq of unmodified rabbit 
anti-conalbumin (Day 20). Mouse anti-rabbit immunoglobulin 
titer was determined using an enzyme-linked assay. 

PIG. 5 represents binding of immune complexes to P388.D1 
cells. Immune complexes were prepared from rabbit anti-conalbumin 
and fluorescein-labeled hen egg conalbumin (3 moles conalbumin/mole 
of antibody) . An aliquot from each immune complex of 10 6 cells 
was incubated for 30 minutes with the concentration of immune 
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complex shown on the abscissa. The number of fluorescent cells 
was determined by flow cytometry. 

FIG. 6 represents binding of immune complexes prepared 
using 3 moles of f luorescein-labeled hen egg conalbuiain and 
1 mole of mPEG-modified rabbit anti-conalbumin to P388.D1 cells. 
A 40 uq (determined from data in Figure 5) aliquot of each immune 
complex was incubated with 10 6 P388.D1 cell for 30 minutes. 
The number of fluorescent cells was determined by flow cytometry. 
The % mPEG modification was established by TNBS amino group 
analysis. Autof luorescence was observed in 17% of the cells. 
Different symbols depict experiments performed on different 
days with different samples of PEG-modified antibody. 

FIG. 7 represents binding of f luorescein-labeled rabbit 
anti-mouse immunoglobulin <*> and mPEG-modif i«d f luorescein-labeled^ 
affinity purified rabbit anti-mouse immunoglobulin (•) to 10 
mouse splenocytes. Fluorescent cells were determined by flow 
cytometry. Panel A depicts the number of fluorescent cells 
as a function of antibody concentration. Panel B reports the 
number of cells in which fluorescence intensity was off scale 
on the flow cytoiaeter. 

FIG. 8 represents competitive inhibition of the binding 
of f luorescein-labeled rabbit anti-mouse immunoglobulin to mouse 
splenocytes. Purified mouse IgG in the. amount listed on the 
abscissa -was incubated in the presence of either 8 uq f luorescein- 
labeled rabbit anti-mouse immunoglobulin U> .or 8 ng of the 
same reagent that was also mPEG-modif ied (•) and 1 x 10 s murine 
splenocytes. Following washing the cells with PBS r the number 
of fluorescent cells was determined by flow cytometry. In this 
experiment, auto- fluorescence was seen in. 8% of cells. With 
no. added inhibitor mPEG-modif ied - antibody detected 39% of cells 
and unmodified antibody 65%. 

FIG. 9 represents effect of modification on fluorescence 
emission spectra of mPEG-modif ied, fluorescein- labeled antibody. 
An affinity purified rabbit anti-mouse immunoglobulin reagent 
was modified with FITC to an F/P ratio of 3.7 («) . A fraction 
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of this reagent was modified with mPEG (30% of amino groups 
modified) and the fluorescence emission spectra of the mPEG-modif ied 
( A ) and the unmodified ( ) f luorescein-labeled antibody was 
determined at 0.80 mg/ml in a 0.30 cm cuvette using an AMINCO 
spectrofluorometer with an excitation wave length of 493 nm. 

PKEATTiBT) nRSTBTPTTQW QP to p. mvENTTr> ff 

According to the invention, imiaunogenicity of foreign 
protein, especially antibody, is reduced or eliminated by covalent 
modification of the protein with polyethylene glycol (PEG) , 
employing a PEG active ester intermediate, in contrast to known 
prior art modifications, PEG modification of antibodies according 
to the process of the invention provides a derivative which 
retains avidity for antigen, while exhibiting reduced immunogen- 
icity. a particular advantage of the present invention is that 
a significant reduction in non-specific binding occurs, which 
is believed to be attributable to inactivation of the Fc portion 
of the antibody molecule. The process thus substantially eliminates 
binding of the antibody to cell surface Pc receptors and promotes 
antibody concentration targeted tissue in applications such 
as tumor imaging and immunohistochemical techniques. 

Particular PEG polymers useful in the process of the 
invention comprise substituted or unsubstituted PEG polymers 
having molecular weights of from about 1000 to 5000, which are 
themselves poor immunogens, and which can be coupled to protein 
using an active ester intermediate; the resulting modified protein 
must be biologically active and substantially non-toxic and 
non- immunogenic. Monomethoxypolyethylene glycol (mPEG) satisfies 
these criteria, and is an especially suitable modifier, particularly 
for antibody. Covalent mPEG modification of antibody molecule, 
using the present active ester approach, is accomplished with 
full retention of binding activity, and yields very predictable 
and reproducible modifications. 

Protein modification according to the present invention 
occurs through covalent attachment of PEG to TNBS-available 
(trinitrobenzene sulfonic acid-available) amino groups on the 
protein molecule. The immunogenicity of PEG-modified derivatives 
varies with the degree of modification, which is readily controlled 
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by an appropriate selection of ratio of active ester to protein. 
At optimal ranges of derivatization (with typically about 10-20% 
of the available amino groups modified), most antibodies will 
not give rise to an immune response following exposure to the 
modified antibody in usual diagnostic and therapeutic amounts. 
At higher or lower degrees of modification, immunogenic ity may 
be restored or even enhanced, depending upon the protein and 
the PEG modifier employed. Generally, immunoglobulin molecules 
with between 13-18% of the amino groups modified with mPEG lack 
detectable immunogenicity; however, at either a lower or higher 
degree of modification, the mPEG- antibody complex may induce 
an immune response to the unmodified molecule and in many cases 
an enhancement of the antibody response is observed. Antibody-mPEG 
derivatives of the present process retain full antigen binding 
activity with up to 35% of amino groups modified; since it 
has proved difficult to modify more than about 35% of available 
amino groups with mPEG using even a large excess of active ester, 
modification with mPEG is advantageously self-limiting in this 
respect. It is contemplated that most protein-mPEG derivatives 
having acceptably reduced immunogenicity will also retain effective 
antigen binding activity under the desired process conditions. 
It is noted that since the modified preparations described herein 
contain a distribution of molecules, the degrees of modification 
mentioned are an average of this distribution. It is possible 
that the ranges are dependent upon the degree of purification, 
and, in particular, that acceptably reduced immunogenicity may 
be obtainable over a broader range of modification with increased 
purity of starting materials. 

PEG is covalently attached to the protein molecule in 
accordance with the invention as follows: 

1) PEG + carboxylating agent - PEG-COOH 

2) PEG-COOH + carboxyl group activating agent * active 
ester of PEG-COOH (PEG*) 

3) Protein + PEG* * Protein - PEG 

As summarized in these equations, PEG is carboxylated, 
and the purified product (PEG-COOH) esterified with a suitable 
carboxyl activating agent to form the active ester PEG*., This 
active ester intermediate is then coupled to the protein molecule, 
with loss of the activating moiety. As previously noted, the 
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modification yields a distribution of protein molecules, variously 
modified with PEG; the product may more accurately be represented 
as Protein- (PEG) X wherein x is the number of peg groups on the 
protein molecule. The number of PEG groups x will vary according 
to the number of reactive amino groups present on the protein 
molecule. If an unpurified reaction product is employed, it 
is important that the amount of unsubstituted protein (x=0) 
be low, to avoid the possibility of inducing an immune response 
with the naked protein molecule. 

Carboxylation of PEG to PEG-COOH and activation to the 
active ester intermediate PEG* is accomplished by any of several 
methods well-known in the art including methods employing carboxy- 
lating agents such as succinic anhydride, or classic textbook 
methods such as oxidation followed by the Williamson ether syn- 
thesis, m a particularly useful embodiment, the selected PEG 
species is first succinylated with succinic anhydride to form 
PEG-COOH in step (1) of the reaction; PEG-COOH (succinylated) 
is then esterified with N-hydroxysuccinimide to form the active 
ester PEG* in step (2) of the reaction. The II-hydroxysuccinimide 
active ester is then reacted with the desired protein for form 
the PEG-Protein conjugate in step (3), with accompanying loss 
of the esterifying moiety. Carboxyl-activating agents of the. 
type useful for activating PEG-COOH are well-known in the art; 
in addition to H-hydroxysuccinimide, trinitrophenol is exemplary. 
In contrast to known prior art methods such as those discussed 
SJiaxa for coupling peg to protein, the process of the present 
invention provides an active, non-toxic product which retains 
biologic specificity but which has substantially lost non-specific 
reactivity; 

The process of the present invention is applicable to 
a broad range of proteins to reduce the immunogenic ity thereof 
when administered to a mammal, especially a human. While the 
process is particularly useful in reducing the immunogenicity 
of heterologous species proteins, the process is also applicable 
to homologous species proteins. Antibodies are proteins of 
particular interest, as by the process of the invention, the 
specificity and avidity of the antibody molecules is retained, 
while non-specific binding of antibody molecules to cellular 
Pc receptor and rapid clearance of the antibody from the circulation 
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is obviated. Drugs, toxins, fluoresceins, radionuclides, or 
other active moieties may readily be attached to the modified 
antibody molecule via the PEG substituent according to principles 
understood by those skilled in the art for delivery to selected 
tissue, especially to tumor tissue for diagnosis or therapy. 
Owing to the decreased non-specific activity of complexes comprising 
active moieties conjugated with PEG-modified antibody or other 
protein, premature dissociation of the complex is avoided, and 
highly selective delivery is achieved. 

Monoclonal antibodies modified according to the invention 
also have increased with the present clinical use of unmodified 
MAbs of murine origin is the immune response of the host to 
the foreign protein, which both inactivates the MAb and has 
potential for the development of allergic reactions or serum 
sickness. The clinical use of human monoclonal antibodies may 
partially obviate such an immune response; however, even human 
UAbs carry allotypic and idiotypic antigenic sites which can 
stimulate the response. In addition, treatment with intact 
human IlAb with an active moiety attached, may be equivalent 
to immunizing with a hapt en-conjugated protein which could provoke 
an antihapten response. Modification of both human and animal 
MAbs according to the invention is thus particularly contemplated 
in eliminating all these immune responses. 

The modified antibodies of the invention are also useful 
in known tissue and cell staining procedures as substitutes 
for intact antibody to avoid non-specific staining owing to 
interaction between cellular Pc receptors and the Pc portion 
of the antibody. Other proteins modifiable according to the 
invention include enzymes, especially enzymes clinically useful 
in reolacement therapy. Generally, the invention is applicable 
to proteins employed both in VifaCQ and in ViVQ , wherein immuno- 
logical procedures are hampered by immunogenicity of the protein 
and/or non-specific tissue binding. 

The following Examples illustrate the practice of the 
invention: 
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MATBRTAT.fi »m Miwmn nff 

Ex.eparatig.n- Qf Anti-Confii humin AniHhnri Y 

Rabbit anti-conalbumin antisera, was prepared by emulsifying 
hen egg conalbumin (Sigma, St. Louis, MO) , dissolved in PBS 
with complete Freund's adjuvant (Gibco Laboratories, Grand 
Island, MY) at a final conalbumin concentration of 1.0 mg/ml. 
Rabbits were immunized in the footpads with a 1.0 ml aliquot 
of the emulsion and boosted subcutaneously 12-14 days later 
with 1 mg emulsified antigen. Blood samples from the immunized 
rabbits were routinely monitored for antibody content by Ouchterlony 
analysis. Only high titer, late course, antisera was used for 
the remaining experiments. 

The anti-conalbumin antibody was isolated from the rabbit 
antisera by affinity chromatography on a CM-Biogel A (Bio-Rad 
Laboratories, Richmond, CA) column which was coupled to conalbumin 
using the water soluble carbodimide procedure (BioRad Lab. Chem. 
Div " X&fiil., Bui, \m, Richmond CA, 1980). In brief, antisera 
was applied to the affinity column and the column was washed 
with 0.5 {J sodium thiocyanate and the resulting antibody was 
simultaneously desalted and concentrated using a Micro Pro di 
Con apparatus, (Bio rioleculare Dynamics, Beaverton, OR). The 
purified antibody was stored sterile at 4 degrees. 

ifcasUCeiDant Of An.ti-Cona1h.iTn in Activity 

Antigen binding activity of the affinity purified and 
chemically modified antibodies . was determined by evaluating 
their ability to competitively inhibit the binding of a rabbit 
anti-conalbumin-alkaline phosphatase conjugate to conalbumin-coated 
microelisa plates (Vangard, Neptune, NJ) . The enzyme linked 
antibody for this assay was prepared by a modification of the 
method described by Avermeas (Immuno. Chem. §: 43, 1969) and 
to assure maximum sensitivity was titrated on the antigen coated 
plates prior to use in the assay. The conalbumin coated microelisa 
plates were prepared by diluting conalbumin to 10 jig/ml in 0.05 
:j HaHC0 3 , pH 9.6 and incubating for 18 hours at room temperature. 
Equal volumes of antibody and enzyme conjugate, at the proper 
dilution, were then incubated in the antigen coated plates with 
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constant mixing for 2-5 hours at room temperature. Following 
washing of the plates with H 2 0 a 300 ml aliquot of p-nitrophenyl 
phosphate, 0.25 mg/ml, in 0.1 H Tris-Cl, P H 10 was added to 
each well and, after an appropriate incubation, the absorbance 
at 410 nm and 650m was read using a dynatech microelisa reader 
CDynatech, Alexandria, VA) . In all tests modified antibody 
was assayed simultaneously with a standard curve of unmodified 
affinity purified antibody and the data are expressed as relative 
mg antibody/mg protein. In this binding assay unmodified affinity 
purified antibody is defined as having a value of 1 mg antibody/mg 
protein. Chemical modifications with either block antigen binding 
or denature the antibody are characterized by a decrease in 
this number. 

n**r*e**r ur* ian q£ Mortified antibody 

Three different measurements were used to characterize 
the modified antibody. Protein concentration was determined 
both by optical density measurements at 280 nm, assuming an 
E % 280nm » 14 Tmnnnol TffliminnfihSBU2» 343, 1968) and 

by using the dye binding assay' (AnflTvt. PlftfihfilB.. 7,2: 248, 1976) 
with a standard curve of rabbit gamma globulin. The concentration 
of the standard was evaluated by direct Nesslerization of a 

Kjeldahl digest (^nnfnrfl BM. Bull, 6' 97 ' 1948) * Pr0tein 
amino groups were determined by TKBS titrations as descrioed 
by Habeed ' *inn1 Y 4 " ^ 323, 1966). The extent of PEG 

modification was also evaluated by measuring an increase m 
protein size. For this measurement protein size was evaluated 
using a 6% discontinuous SDS elect rophoretic gel system. However, 
SDS gel size estimates of polymer modified immunoglobulin that 
are based on a standard curve of globular proteins will contain 
large errors. Therefore results are reported showing migration 
distance without the accompanying protein standards. 

r>ghArTninat.ipn nf TimminoqeniflifcV 

immunogenicity of rabbit antibody and its PEG-modified 
derivatives were determined by measuring the antibody response 
of Swiss mice to an intraperitoneal injection of 50 Mg of tne 
antigen (rabbit antibody) in PBS. The mouse antibody response 
was determined using a two step enzyme linked assay. In brief, 
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several two-fold dilutions of mouse sera were incubated on a 
rabbit immunoglobulin coated microelisa plate for 2-5 hours. 
After extensive washing the plate was incubated with a rabbit 
anti-mouse alkaline phosphatase conjugate for an additional 
2-5 hours. Following this second incubation, unbound conjugate 
was removed by extensive washing with H 2 0 and the wells were 
refilled with 300 ml of p-nitrophenyl phosphate, 0.25 mg/ml 
in 0.1 N Tris-Cl, pHlO. After a two-hour incubation period, 
the absorbance at 410 nra and 630 nm was measured as described 
previously. In this system antibody titer is defined as the 
greatest dilution giving an absorbance reading significantly 
above prebleed levels. 



Chemical.. Hodif icaMnna 

Two different approaches were used to modify antibody 
with mPEG. Monomethoxypolyethylene glycol (av MW=5000) (Aldrich, 
Milwaukee, wi) was coupled to antibody using the cyanuric chloride 
(Eastman Chemical Co., Rochester, NY) procedure described in 
Abuchewski (J, BiQl,, fiheju, ,252: 3573, 1977). In addition, mPEG 
was also coupled to. antibody using an active ester intermediate. 
To prepare this derivative mPEG was succinylated using an excess 
of succinic anhydride (Aldrich) in dry pyridine. The pyridine 
was removed by a combination of flash evaporation and lyophilization 
and the contaminating, succinic acid was removed by dialysis. 
Purified raPEG succinate was lyophilized and dried in methylene 
chloride over molecular sieve 4A (Hatheson Coleman & Bell, Norwood, 
OH). The mPEG succinate was then esterified in an equal molar 
mixture of DCC (Aldrich) and N-hydroxysucciniraide (Aldrich) 
and the resulting H-hydroxysuccinimide ester was recovered by 
petroleum ether precipitation. The N-hydroxy- succinimide ester 
of mPEG succinate was purified by repeated recrystallization 
out of benzene with petroleum ether and was then dissolved in 
dry DMF and added with rapid mixing to a solution of antibody 
to be modified in 0.7 (J, NaHC0 3 pH 9.6. The extent of modification 
was controlled by varying the active ester to antibody ratio. 
The resulting mPEG modified antibody was purified by exhaustive 
dialysis against PBS. 
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qftfljfj nation of Protein wi th .F.IT.C 

Samples of conalbumin (Sigma Chemical Co.r St. Louis r 
110) and affinity purified rabbit anti-mouse immunoglobulin were 
fluorescein-labeled with PITC using the method of Goding 
( J. Tmimino i- M.efch,...13g 215, 1976). Only protein samples with 
between 2 and 4 moles of fluorescein incorporated per mole of 
protein were used for further studies. 

Bolvflthv iene Glycol Modification 

Affinity purified rabbit antibody was modified with 
polyethylene glycol using the N-hydroxysuccinimide ester of. 
monomethoxypolyethylene glycol succinate (average molecular 
weight = 5000). For each modified preparation the extent of 
the modification was established by both TNBS amino group analysis 
( Analvt. Bioch&m. 14 ; 328, 1966) and by nonreducing SDS-gel 
electrophoresis on 6% polyacrylamide gels (Nature 680, 
1970). 

Evaluation. of. Cell Surface Binding 

To evaluate binding of immune complexes of antibody 
preparations to cell surfaces, an aliqu'ot of 1 x 10 6 cells was 
incubated with the test agent in PBS at 0 degrees for 30 minutes. 
Following this initial incubation, nonbound material was removed 
by washing the cells three times with PBS at 0 degrees. The 
final ceil pellet was resuspended in 1 ml of PBS and the cell 
population analyzed for fluorescence using a fluorescent activated 
cell sorter (Becton Dickinson, Sunnyvale, CA) . In each analysis 
greater than 1000 cells were counted. The cells were also examined 
by fluorescence microscopy to insure- that cell surface fluorescence 
was being investigated. Two different populations of cells 
were used for these experiments. Splenocytes were obtained from 
Swiss mice (Sprague-Dawley, Madison, WI) and the contaminating 
erythrocytes were analysed using -the ammonium chloride technique 
(flishell et al, Preparation of House Cell Suspensions in Selected 
Methods of Cellular Immunology tB.. Mishell and S. Shiigi, eds.] 
W. H. Freeman and Col., San Francisco, p. 23, 1980). 
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f^n r.ines 

The murine macrophage line P388.D1 was grown in the 
laboratory from a strain initially acquired from the American 
Type Tissue Collection, Bethesda, Maryland. 

SXftHPTlfi T: Rff»r* nf mPEG modii? icaiHonfl on anrihndy a ^^jfYi 

The effect of mPEG modifications, using cyanuric chloride 
and active ester coupling procedures on antibody activity is 
reported in Table I and II. It is evident from these results 
that even at low modifications there is a significant decrease 
in antibody binding activity with cyanuric chloride. Experiments 
varying the rate and form of activated PEG along with experiments 
varying the reaction time and temperature did not significantly 
improve the recovery of active antibody. In contrast, the use 
of active ester to modify antibody with PEG results in no detectable 
loss in antibody titer or antibody activity. 



Antigen Binding Activity of Rahbifc AnH-fnnalhnn,^ 
Mftdified .with mPEG using the Cyanuric Chloride Procedure 

% Lysine 

llodification mg Antibody/mg Protein % Loss of Ab Activity 



TABLE I 



0 



1.00 



0 



4 



0.50 



50 



14 



0.15 



85 



35 



0.06 



94 
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TABLE II 

ftntlifl^ M^M-^efc^Jrv of Rabbit 
Mit1-flm ,ll1h ' l n1" M ™*^~* «ith mpRfl using 
tnr M. BY Hr»»v-ai e rinimide Eater of mPBfi Succinate 

% Lysine 

Modification mg Antibody/mg Protein % Loss of Ab Activity 



0 


1.0 


0 


8 


1.0 


0 


12 


1.0 


0 


18 


1.0 


0 


22 


1.0 


0 


30 


1.0 


0 



ggAMPT.B tt» Effecfcj wn^g of m *i f a* anrihorlv Of RxaaPle 
t with mPBP aceordina to the, invention 

To verify that antibody was significantly modified by 
this procedure, all mPEG-modif ied antibody preparations were 
analyzed by SDS gel electrophoresis. An example of one series 
of derivatives is shown in PIG. 1. Results from this experiment 
clearly show that most or all molecules in the population are 
modified and that the apparent molecular weight increases greatly 
following the modification. It should be noted however that 
the modified antibodies tested are a distribution of molecules 
each containing different number of PEG molecules per antibody. 
The reported % modification is then an average of this distribution. 

BY A MPT. B TT T .T mm „no a ^niritV Of Cabh-lt antj-COIlfll hllUlj Tl lTOflififid 

according tro the invention 

The- immunogenicity in Swiss mice of mPEG modified rabbit 
anti-conalbumin (18% of amino groups modified) (active ester 
coupling agent) compared to the immunogenicity of unmodified 
rabbit antibody is shown in PIG. 2. This figure clearly demon- 
strates that under the proper modification conditions immunogenicity 
of rabbit antibody can be substantially eliminated. The modified 
antibody tested in this experiment retained complete antigen 
binding activity. The effect of variation in mPEG content of 
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modified rabbit antibody on immunogenicity in the mouse is shown 
in FIG. 3. Similar results are seen after primary, secondary 
or tertiary immunizations and these results are essentially 
identical to those found for the rabbit antibody prepared by 
the cyanuric chloride procedure (Example I). It is emphasized 
that, in contrast to the derivatives prepared with cyanuric 
chloride, all rabbit antibodies tested in this experiment maintained 
complete antibody activity. Similar results were obtained with 
anti-human serum albumin antibody. 

RXftMPT i fi TV; Evaluation Q * man** immnr** r^pnn^ 
rahbi_fc antibody 

A. To eliminate the possibility that the lack of a 
response to mPEG-modif ied antibody was due to the induction 
of tolerance, Swiss mice were immunized twice with 50 jig of 
nonimmunogenic mPEG-modif ied antibody. After determining that 
the immunized animals exhibited no response to rabbit antibody 
modified with mPEG , according to the present invention, the 
immune animals and native control animals were challenged with 
a 50 uq aliquot of unmodified rabbit antibody. Twelve;, days 
following this challenge the mouse anti-rabbit immunoglobulin 
was determined* The results of this experiment, shown in PIG. 4, 
demonstrate no differences in the response to two test groups 
of animals to rabbit antibody, suggesting that the mPEG-modif ied 
antibody neither tolerized nor primed the experimental animals. 

B. The hyperresponsiveness induced by some of the mPEG- 
modified rabbit antibodies in A, aap_ra , was investigated by 
evaluating t-he adjuvant properties of PEG. Swiss mice were 
immunized with SO ug of rabbit- immunoglobulin in the presence 
of varying PEG concentrations up to 1 mg/ml PEG and the antibody 
response determined fifteen days later. In this experiment 
the PEG was not covalently attached to the rabbit protein. 
The results (data not shown) demonstrate no differences in the 
immunogenicity of any of the samples , and suggest that PEG itself 
is not an adjuvant. 



WO 86/04145 PCT/USB/02572 

bxahptje tti "<"<"«H Q n of Pc receptor hlnfliofl b.Y . mEB C 
mt i iMY mdiflcatiQB according, tn ftie invent i o n 

A. The binding of immune coiaplexes, prepared from rabbit 
anti-conalbumin antibody and f luorescein-labeled conalbumin 
to the murine macrophage P388.D1 cell line is shown in PIG. 5. 
These data show a concentration-dependent binding of the immune 
complexes to most cells in the population. This binding curve 
was not significantly altered when immune complexes were prepared 
using several different antigen to antibody ratios. 

To investigate the effect of mPEG-modif ication on Fc 
binding, a concentration of immune complexes was chosen from 
the curve in PIG. 5 to give approximately 75% binding, and this 
concentration was used in subsequent experiments. Binding exper- 
iments, described in PIG. 5, were then repeated with immune 
complexes prepared using mPEG-modif ied antibodies according 
to the invention. The results of a typical experiment, shown 
in PIG. 6, demonstrate complete inhibition of Pc binding when 
less than 20% of the amino groups had been mPEG-modif ied. It o 
should be stressed that the mPEG-modif ied antibodies used in 
these experiments all retained 100% of their initial antibody 
activity as determined in competitive enzyme-linked immunoassays. 
Repetitions of this experiment using immune complexes prepared 
front different lots of mPEG-modif ied antibody, resulted in a 
similar inhibition of Pc binding. Thus, Pc binding can be totally 
inhibited when the antibody involved in the immune complex contains 
15-20% of its amino groups modified with mPSG in active * ester- 
mediated reaction. 

B. To further investigate the effect of mPEG-modif ication 
of Pc binding, a sample of fluorescein-modif ied rabbit anti-mouse 
immunoglobulin was modified with mPEG according to the invention 
and binding of this double-modified reagent was tested on mouse 
splenocytes. PIG. 7 compares the titration curves of fluoresce- 
inated rabbit antibody on mouse splenocytes prior to and following 
mPEG-modif ication. From this figure it can be seen that both 
reagents appear to be equally sensitive in detecting mouse B-cells 
(PIG. 7A) . However, using an excess of f luoresceinated reagent, 
the cells detected by mPEG-modif ied antibody appear to have 
an upper limit to the cellular fluorescence intensity whereas 
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cells detected by the reagent that was not mPEG-modif ied show 
an increased fluorescence intensity (PIG. 7B) . 

C. it was demonstrated that the mPEG-modif ied reagent 
binds to cell surface immunoglobulin whereas the non mPEG-modif ied 
reagent exhibits nonspecific binding to cell surface Pc receptors. 
To evaluate this finding purified mouse immunoglobulin was used 
to competitively inhibit the binding of both reagents to mouse 
splenocytes. The results of this experiment, shown in PIG. 8, 
clearly demonstrate that the binding of the classical fluoresce- 
inated reagent (not mPEG-modif ied) could not be completely inhibited 
by antigen whereas binding of the mPEG-modif ied reagent was 
totally inhibited. Furthermore , the amount of mouse immuno- 
globulin required to competitively inhibit the binding of the 
mPEG-modif ied reagent to mouse splenocytes was that concentration 
that would be predicted to be inhibitable based on theoretical 
binding calculations. 

D. Since under conditions of saturating reagent concen- 
tration the cells detected using a classical reagent were brighter 
than cells detected using the mPEG-modif ied reagent , the possibility 
existed that a mPEG-modif ication might quench fluorescein fluor- 
escence. To test this possibility f the fluorescent emission 
spectra was determined for the rabbit anti-mouse immunoglobulin 
reagent prior to and following mPEG-modif ication. These emission 
spectra are shown in PIG. 9. No effect of mPEG-modif ication 
is observed on either the emission intensity or spectra. These 
data suggest that at the concentration of mPEG U3ed in the Examples 
to aiodify antibody, there is no loss of sensitivity. 

PEG-modif ied antibodies according to the invention exhibit 
markedly reduced immunogenicity, low specific binding capacity 
for cell surface Pc receptors, and retention of antigen-binding 
activity. mPEG modification of antibodies also essentially 
eliminates Pc receptor binding. Covalent modification of more 
than 15% of amino groups of rabbit ant i-conalbumin antibody 
with mPEG completely prevented, immune complexes prepared with 
this antibody from binding to the Pc receptor on the murine 
macrophage cell line, P388.D1. Similar sensitivities are observed 
for mPEG- modified fluorescein labelled antibodies since mPEG 
modification does not quench fluorescein fluorescence. A fluorescein 
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labelled rabbit anti-mouse immunoglobulin, when modified with 
mPEG, exhibited no detectable binding to murine splenocyte Pc 
receptors by flow cytometry. Thus, mPEG modification is a practical 
method of eliminating Pc binding for use in cell and tissue 
staining such as in immunohisto- chemical procedures and flow 
cytometry. The lack of toxicity of PEG-modified protein ia 
vivo suggests that it will also provide a method for decreasing 
background tissue binding as well as for reducing iramunogenicity 
in the diagnostic and therapeutic uses of antibodies in humans. 
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WHAT IS CLAIMED IS: j 

1. A method for covalently modifying a protein with 
polyethylene glycol by reacting carboxylated polyethylene glycol 
with a carboxyl activating agent to form an active ester inter- 
mediate/ and reacting the polyethylene glycol active ester inter- 
mediate with the protein to form a biologically active polyethylene 
glycol-protein derivative. 

2. The method of claim 1, wherein the protein is an 
antibody. 

3. The method of claim 1, wherein the polyethylene 
glycol is monomethoxypolyethylene glycol. 

4. The method of claim 2, wherein the polyethylene 
glycol is monomethoxypolyethylene glycol. 

5. A protein covalently modified with polyethylene 
glycol according to claim 1. 

6. An antibody covalently modified with polyethylene 
glycol according to claim 1. 

7. A protein according to claim 5, wherein the glycol 
is monomethoxypolyethylene glycol. 

8. An antibody according to claim 6, wherein the glycol 
is monomethoxypolyethylene glycol.. .. 

9. A monoclonal antibody modified with polyethylene 
glycol according to claim 1. 

10. The monoclonal antibody of claim 9/ wherein the 
polyethylene glycol is monomethoxypolyethylene glycol. 

11. An enzyme covalently modified with polyethylene 
glycol according to claim 1. 
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12. The enzyme of claim 11/ wherein the polyethylene 
is monomethoxypolyethylene glycol. 

13. The method of claim 1, wherein the carboxylated 
polyethylene glycol is succinylated polyethylene glycol, and 
the carboxyl activating agent is N-hydroxysuccinimide. 

14. The method of claim 13, wherein the glycol is mono- 
methoxypolyethylene glycol. 

15. The method of claim 13, wherein the protein is 
an antibody and the modified antibody is characterized by increased 
biologic specificity as compared to the unmodified antibody. 

16. An antibody complexed with an active moiety, wherein 
the antibody is modified according to claim 1. 

17. The antibody complex of claim 16, wherein the moiety 
is a radionuclide, drug, toxin, or fluorescent reagent. 

18. The antibody complex of claim 17, wherein the antibody 
is an anti-tumor antibody. 

19. A reagent for an immunohistochemical process comprising 
an antibody modified according to claim 1. 

20. A method for inhibiting Pc binding activity of 
an immunoglobulin comprising modifying the immunoglobulin according 
to claim !. 

21. In an immunological diagnostic or therapeutic method 
of the type wherein an antibody or complex thereof is employed 
in an immuno-reaction as a diagnostic or therapeutic agent, 
the improvement comprising employing an antibody modified according 
to claim 1 as the diagnostic or therapeutic agent. 

22. The. invention of claim 21, wherein the method is 
a therapeutic method. 
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23. The method of claim 22, wherein the therapeutic 
method is a cancer chemotherapeutic or radiotherapeutic method. 



24. The method of claim 21, wherein the method is a 
diagnostic method. 

25. The method of claim 23, wherein the diagnostic 
method is a tumor imaging process. 

26. The invention of claim 21, wherein the diagnostic 
* or therapeutic method comprises administering the antibody or 

complex thereof to a human. 

27. The method of claim 26 wherein the antibody or 
complex thereof is a heterologous species antibody. 

28. The method of claim 21, wherein the antibody or 
complex thereof is an antibody complexed with a drug, radionuclide, 
toxin, or fluorescent reagent. 

29. The method of claim 1, wherein the polyethylene 
glycol reactant is substantially non- immunogenic , and the resulting 
modified protein is substantially non-toxic and non-immunogenic. 

30. A biologically active antibody covalently modified 
with polyethylene glycol having decreased non-specific reactivity 
and increased specific creativity as compared to the unmodified 
antibody. 
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FIG. 4 



WO 86/04145 | PCT/US85/02572 



5/9 



100 r 
80 



3 60 
I 

% 40 



20 



/ 



4 

/ 



10 100 
UG of IMMUNE COMPLEX 



1000 



FIG. 5 



SUSmTUTE SHEET 



WO 86/04145 



PCT/US85/02572 




WO 86/04145 



PCT/US85/02572 



7/9 



00 
UJ 

O 

LU 
O 
0O 
UJ 
OS 

o 
a? 



100 

80 

60 
40 

20 









100 r 






o 


80 - 


GO 




LU 


60 . 


o 




CO 




d 


40 - 


o 






20 - 




oL 



B 



— V— ▲ 



I I 



■I » 



.25 . 50 1.0 2.0 4 0 8.0 
jug ANTIBODY / I X !0 6 CELLS 

FIG. 7 



WO 86/04145 



PCT/US8S/02572 



8/9 




FIG. 8 



WO 86/04145 



PCT/US85/02572 



9/9 




500 550 600 650 

WAVE LENGTH 



FIG. 9 





INTERNATIONAL SEARCH REPORT 




International AppDcatlon No PCT/US 85/02572 


1. CLA5SIF1CAT1 


M OF SUBJECT Mm I fort (if several classification symbols apply, Indicate ail) > 


According to International Patent Classification (IPC) or to both National Classification and IPC 

INT. CL. 4 G01N 33/532, 33/533, 33/534 

U.S. CL. 260/112R 1 U2B: 435/181.188: 436/547.548 


II. FIELDS SEARCHED 1 


Minimum Documentation Searched * 


Classification System 


Classification Symbols 




26Q/112R, 112B; 435/181,188; 436/547,548 


U.S. 





Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included in the Fields Searched * 



CHEMICAL ABSTRACTS 1977-1984 under 
"PROTEINS" AND "ANTIBODIES" 



III. DOCUMENTS CONSIDERED TO BE RELEVANT " 



Category * 



Citation of Document 19 with indication, where appropriate, of the relevant passages " 



A,P 



US,A, 4,495,285 Published 22 January 1985, 
Shimizu et al. 

N, Z. Naturforsch. , Section C, Vol. 38c, 

No. 1/2, issued January/February 1983, 
E. Boccu et al., 1 Coupling of 
Monomethoxx_polyethylencglycols 
to Proteins via Active Esters', 
.pages 94-99 . ' 

N, Chemical Abstracts, Vol. 98; No. 3, 

issued 1983, January 17, A.W. Richter . 
et al., 1 Antibodies against polyethylene 
glycol..., » page 394, Column 1, 
the abstract No. 98:15249k, Int. 
Arch. Allergy Appl. Immunol., 1983, 
Vol. 70, No. 2, pages 124-31 



Relevant to Oaim No. " 



1-30 



* Special categories of cited documents: " 
"A" document defining the general state of the art which is not 
considered to be of particular relevance 

M E" earlier document but published on or after the international 
filing date 

document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the International filing date but 
later than the priority date claimed 



T later document published after the International filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step 

n Y** document of particular relevance; the claimed Invention 
cannot be considered to Involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

"&** document member of the same patent family 



IV. CERTIFICATION 



Date of the Actual Completion of the International Search ' 

10 March 1986 


Date of Malting of this International Search Report * 

2 6 MAR 1986 


International Searching Authority > 

ISA/ US 


Signature oiAuthortzejUpfneer is Q / 



Form PCT/ISA/210 (second sheet) (October 1981) 



